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In common laboratory animals, which have been dissected liter-
ally bythe thousands, hermaphroditism has rarely ibeen encountered.
One instance has been reported in the guinea-pig,20 one in the rab-
bit,30 three in the rat,9' 17 and three in the mouse.3 11 12 One spea-
men has been recorded in the field-mouse2 and two in the ground-
squirrel.33 An additional instance in the mouse is described here,
and an attempt is made to relate hermaphroditism as exhibited by
rodents to the problem of normal and aberrant embryonic sexual
differentiation.
The present specimen was a member of the C57 black strain of
mice which has been maintained in this laboratory since 1937. This
mouse was born July 14, 1941, and no abnormalities were observed
in other members of the litter or in the parents. Throughout its
life the animal was considered to be a male, and was indeed caged
with females for breeding. No progeny were obtained, and the
animal was killed March 12, 1942, at the age of eight months. The
animal had received no treatment of any kind, and neither of its
parents had been subjected to any experimental procedure.
Externally the animal appeared to be a fairly typical male, with
no feature suggesting a sexual abnormality. A well-developed
scrotumwas present and was distended as though testes were present.
The phallus was like a penis in size and structure, with the urinary
meatus located in the normal male position in the glans at the distal
end of the organ. Nothing suggestive of a vaginal orifice was
present.
Upon dissection, bilateral herniation of intestine into the scrotum
was seen. Neither scrotal sac contained a testis or epididymis, and
each was lined completely by peritoneum. Both inguinal canals
were gaping, being approximately 8 mm. in diameter at the internal
ring. No other abnormality of the inguinal canal was apparent.
* From the Department of Anatomy, Yale University School of Medicine.
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The reproductive organs (Fig. 1) were essentially unilateral in
their distribution, being primarily male on the left side and female
on the right. On the right side there was an ovary about one-half
as large as the ovary of the normal adult mouse. This ovary was
located in acapsule which was deeply embedded in fat. The uterine
tube was normal in diameter, but instead of exhibiting the typically
marked coiling the tube was virtually straight. It opened into a
greatly distended uterus which was quite ischemic and which did
not contract in response to mechanical stimulation. On the left side
the uterus was merely a blind, finger-like pouch roughly 1 mm. in
diameter and 3 mm. in length. The two uteri opened through a
cervix into the left side of a large and distended vagina. On the
right side a conspicuous diverticulum protruded from the vagina.
Caudally the vagina ended blindly immediately caudal to the base
of the bladder. Neither ovary nor tube was found on the left side.
A spherical testis about 1 mm. in diameter was present on the
left side approximately mid-waybetween the kidney and the inguinal
ligament. Theabdominalcavitywas openedby an assistant; accord-
ingly it is possible that the testis was displaced from the scrotum
before being seen by either of the writers. The testis was embraced
by a correspondingly small epididymis whose corpus lay lateral to
the testis. The epididymis was continuous with a ductus deferens
which ran medially and slightly caudally to the vagina. A fairly
amorphous mass surrounding the vaginal end of the ductus proved
upon microscopic examination to be seminal vesicle, prostate gland,
and coagulating gland.
Microscopic findings
Except for its small size the testis (Figs. 10, 11) was not remark-
aible. Most of the tubules were essentially normal in diameter and
spermatogenesis was in progress, with numerous spermatids and a
few apparently mature spermatozoa present in about one-third of the
tubules (Fig. 11). Occasionally two or three tubules in a section
were partially atrophic. The intertubular spaces were of normal
size and had a normal component ofLeydig cells. Except for being
perhaps slightly small these cells were normal in structure. The
epididymis (Fig. 10) was histologically that of a normal male
mouse. The ductus deferens (Fig. 12) was also histologically
normal, except for its small size. It ended blindly near the left
vaginal wall. The seminal vesicle (Fig. 13) and prostate gland
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were predominantly like those of a castrated mouse; the epithelium
was low and devoid of secretion granules, no secretion was present
in their lumina and the connective tissue fiber component was con-
spicuous. At its distal end, however, the seminal vesicle had a low
columnar epithelium, indicating the action of a low level of andro-
gen. Similarly, in certain regions the prostatic epithelium was
nearly one-half the normal height, also indicating the action of
androgen. The coagulating gland was lined by a moderately corni-
fied, stratified squamous epithelium, as in the normal male after
administration of estrogen.
The ovary (Fig. 2) resembled the ovary of a senile mouse and
was composed (Fig. 3) chiefly of "luteal-like" interstitial cells and
large cells with yellow cytoplasm and small, somewhat pyknotic
nuclei. No corpora lutea were found. Three types of follicles were
present: three apparently normal, medium-sized follicles which con-
tained apparently normal oocytes and small antra (Fig. 4); eight
hemorrhagic, atretic, medium-sized follicles containing no oocytes;
and five primary or small follicles with germ cells. The atretic
follicles exhibited fairly typical thecal degeneration. The "luteal-
like" interstitial cells apparently arose from nests of thecal cells.
The germinal epithelium was well preserved over one-third to
one-half ofthe surface of the ovary; overthe remainder of the ovary
the germinal epithelium was absent or discontinuous and flat.
The uterine tube (Fig. 5) was entirely normal microscopically,
and was lined by a fairly tall, ciliated, simple columnar epithelium.
The remainder of the female genital tract was tightly filled with
desquamated and cornified epithelial cells, leukocytes, and debris
(Fig. 9). The wall of the large, right uterus was stretched by its
contents to such an extent that the tunica propria was distinguishable
in but few areas (Figs. 6, 7). The myometrium was also greatly
thinned. The lining epithelium was somewhat inconstant in struc-
ture. Toward its ovarian end the uterus was lined in the meso-
metrial area by a fluted, more or less stratified columnar epithelium.
This epithelium graded into a smooth, simple columnar epithelium
(Fig. 6) which, in turn, was replaced in the antimesometrial half
of the uterus by a stratified squamous epithelium, infiltrated with
leukocytes (Fig. 7). The caudal portion of the uterus was lined
throughout by a thick, cornified, stratified squamous epithelium.
Where present, the tunica propria was quite fibrous and its nuclei
were fusiform and densely stained. Only one endometrial gland
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was found, although the absence of others may have resulted from
the distention of the uterus. The tiny left uterus was also lined
by a stratified squamous epithelium which was moderately cornified.
Numerous small diverticula (glands?) projected from the epithelial
lining. The tunicae propria and muscularis were like those of the
right uterus. The epithelium inboth the cervix and vagina (Fig. 8)
was quite thick and heavily cornified.
Embryology
Reconstructing the developmental history of the genital tract of
this specimen must obviously be largely conjectural, although on
the basis of the embryologic studies of Brambell4 5 and of Greene,
Burrill, and Ivy'5 certain aspects are reasonably clear. Wolffian
ducts weredoubtless present on both sides as indicated by the normal
relations of the kidneys and ureters. On the right side this duct
must have regressed completely sometime after giving rise to the
ureter. On the left side the Wolffian duct gave rise to the ureter
and seminal vesicle, and became the ductus deferens just as in the
normal male. The fate of the Miullerian duct on the right side was
the same as in the normal female, forming tube and uterus; while
on the left side this duct completely regressed, so far as could be
detected, as far caudally as the rudimentary left uterus. The
caudal ends of the two Miullerian ducts presumably approximated
to form the cervix and the upper portion of the vagina. The caudal
portion of the vagina, which is said to develop from the urogenital
sinus, failed to arise.
On the left side a failure of the proliferation of secondary (cor-
tical) sex cords and hypertrophy of the primary (medullary) sex
cords could explain the presence of the testis. On the right side
cortical cords obviously formed while the medullary component
regressed, thus producing ovary. The presence of epididymis on
the left side represents persistence of a portion of the left mesone-
phros, while absence of epididymis on the right side resulted from
regression of the right mesonephros.
Comparison with other specimens
Of the eleven hermaphrodites previously reported among the
rodents (Table 1), four had either one or two ovotestes. These
are the two ground-squirrels of Wells,33 the rat described by Burrill,
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Greene, and Ivy,9 and one of the two rats studiediby Greep."7 The
rabbit studied by Sheppard30 had both a testis and an ovary on each
side of the body. The remaining six specimens had an ovary on
one side of the body and a testis on the contralateral side. Four
of the latter animals (three mice,2,
8 12 one rat17) were like the
present specimen in having the ovary on the right side and the testis
on the left. The other two animals (a mouse1' and a guinea-pig20)
had the ovary on the left and the testis on the right side.
Except for the two ground-squirrels with bilateral ovotestes,33
all of the hermaphroditic rodents thus far studied have had a well-
developed uterus on the side of the body on which the ovary was
found (Table 1). On the contralateral side a rudimentary uterus
TABLE I
SUMMARY OF THE GENITAL MORPHOLOGY OF THE HERMAPHRODITIC RODENTS
THUS FAR REPORTED
(The letters used in the table indicate the side of the body upon which the structure
was located; thus, R=right, L=left, RL and LR= bilateral. A letter followed by
+ indicates that the organ was present on the side designated by the letter and was
rudimentary on the contralateral side. Absence of a structure is indicated by-.)
r<~~~~~~~~~~~' 'S ...
'. l~ .2
Author(s) Species 0 o o k ZZ ;Z __ __C0
Present case Mouse Male R L R R+ L L L +
Danforthll Mouse L R L L R R RL +
Fekete12 Mouse Male R L R R+ L L _
Blotevogel3 Mouse Female R L RL RL -? _ -? +
Asdell et al.2 Field-
mouse Male R L R R L LR LR -
Burrill et al.9 Rat Female? R L L L+ RL RL RL -
Greep'7 Rat ? R L R R LR LR LR -
Rat Male R L it R L LR LR +
Jaffe & Guinea-
Papanicolaou20 pig Female L R L L R R RL
Sheppard30 Rabbit Female? RL RL RL RL - _ _
Wells33 Ground-
squirrel Male Rb Rb RL Rb RL -
Ground-
squirrel Male Rb Rb Rb RL Rb. -YALE JOURNAL OF BIOLOGY AND MEDICINE
or no uterus whatever was present. A uterine tube was present only
on the ovarian side of these animals.* Similarly, in most of the
specimens epididymis and ductus deferens were present only on the
side of the body bearing the testis. The exceptions to this pattern
are two rats with bilateral epididymis and ductus deferens.9' 17 Pros-
tate glands and seminal vesicles, on the other hand, were often
bilateral rather than limited to one side of the body.
In the hermaphroditic rodent the type of reproductive tract in a
lateral half of the body thus corresponds with the sex of the gonad
-ith which it is related. The correlation, however, obtains only
with respect to the derivatives of the Wolffian and Miillerian ducts
in proximity to the gonad. Reproductive organs further removed
from the gonad, such as the seminal vesicles and prostate glands,
participate in this laterality less conspicuously and are often bilateral.
Similarly, there is often a vestigial uterus on the testicular half of
a hermaphrodite.
Sex hormones and embryonic sexual differentiation
In the course of embryonic sexual differentiation the evidently
bipotential gonad normally differentiates into testis or ovary prior
to the differentiation of the remainder of the reproductive system
into the appropriate type. This sequence suggests that the direction
(male or female) taken in the differentiation of the gonaducts, uro-
genital sinus, and external genitalia might be dependent upon and
governed by the sex of the gonad. That the influence of the gonad
upon the differentiation of the accessory structures might be mediated
by its hormones was indicated by studies upon the free-martin in
cattle.21' 23 Here anastomosis of the chorionic vessels of male and
female co-twins results in modification of the female in the male
direction. Partial intersexuality has also followed transplantation
of heterologous gonads into even the adults of several species.24
Certain of the effects of sex hormones administered during
embryonic or fetal life are also consistent with the control of the
differentiation of the genital tract by internal secretions of the
gonads. The effects of a variety of estrogens and androgens have
been examined in amphibians,13 reptiles,14 birds,34 and mam-
mals.6 7, 15, 16, 18, 25, 29, 31 In general, androgens cause persistence and
various degrees of differentiation of the Wolffian ducts and their
$ Blotevogel's3 specimen is apparently an exception to this generalization.
346HERMAPHRODITISM IN RODENTS
derivatives in genetic females with little distinct inhibition of the
differentiation ofthe Miullerian ducts and their derivatives. Andro-
gens also inhibit differentiation of the urogenital sinus in the female
direction and stimulate differentiation in the male direction. In
genetic female mammals treated with androgens, male and female
structures thus co-exist bilaterally inthe sameindividual. In genetic
males estrogens have caused more or less inhibition of differentiation
of derivatives of the Wolffian ducts and a retention and stimulation
of portions of the MUllerian ducts. Some feminization of the
urogenital sinus has also occurred.7 " , 29
Lateral hermaphroditism as seen in rodents is, as Asdell' has
pointed out, inconsistent with the control of the differentiation of the
accessory organs by hormones of the gonads if these hormones are
functioning as blood-borne agents. A substance arising in the gonad
and distributed by vascular channels would presumably be equally
distributed tothe two lateral halves of the body. The effects of this
substance should accordingly be the same on both sides of the body.
A situation similar to that in hermaphroditic rodents exists in many
normal female birds. Here a fully developed oviduct is present
on the left side, the side on which the ovary is located. On the
right side the gonad is rudimentary; and on this side the oviduct is
also rudimentary, despite the fact that the MUllerian ducts of the
two sides are presumably equally exposed to the hormones of the
left gonad distributed by the vascular system.
Lateral asymmetry, however, has been reported8 to be a not
uncommon finding in rats subjected to androgens and estrogens dur-
ing intra-uterine life. The asymmetry consisted, among other things,
of unilateral development of the Wolffian duct in masculinized
females and of lateral inequality of inhibition of male structures in
feminized males. Most often the left Wolffian duct in the female
exhibited a greater response to androgens, and the right Wolffian
duct in the male was more inhibited by estrogens. In a few spea-
mens, however, this pattern of laterality was reversed.
It seems hardly likely that in hermaphrodites a differential in
the responsiveness of the structures of the two sides of the body
could account for the limitation of differentiation of male or of
female structures to one lateral half of the body. If such a differ-
ential had been operating during development, the laterality would
presuma;bly have been more constant rather than correlated with the
sex of the gonad on that side of the body.
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The absence of identical differentiation of the Wolffian and Miil-
lerian ducts on the two sides of the body in hermaphroditic rodents
and their almost invariable correspondence as to sex with the sex
of the gonad suggest an effect of position or proximity of the testis
or ovary upon the differentiation of the Wolffian and Miillerian
ducts."' 22 The effect of the gonad apparently radiates, becoming
less intense as the distance from the gonad increases, as indicated
by the frequent bilaterality of both male and female structures in
the region of the cervix. A similar diminution of influence of the
gonad at greater separation also obtains in the female bird in which
a short, rudimentary Mullerian duct is present on the side contra-
lateral to the functional ovary.
The apparent effect of position, greatest in close proximity and
diminished at more distant points, thus resembles embryonic induc-
tion such as the action of the dorsal lip of the blastopore in amphib-
ians and, more especially, the cortical and medullary inductors of the
gonad as advanced by Witschi.35 The nature of the suggested
organizer in this case is of course unknown, although it could con-
ceivably be a hormone or hormones produced in the embryonic
gonad and reaching the gonaducts and urogenital sinus by diffusion
through the tissues rather than by transfer in the blood stream.
This possibility has a parallel in the strictly local action of sex hor-
mones when applied in small amounts directly to a test organ, a
circumstance which contrasts with the systemic effects of these sub-
stances when they are administered in such fashion that they must
reach the test organ through vascular channels.10 23 Diffusion of
ovarian hormones through the tissues has been recognized as possibly
responsible for the portion of the M'ullerian duct nearest the ovary
showing the greatest hypertrophy in artificial hermaphrodites in
Amblystoma."9
Certain effects of the sex hormones when supplied artificially to
normal embryos and fetuses hardly support the concept of a direc-
tional influence upon embryonic sexual differentiation on the part of
these substances. In the chick embryo estrogen causes retention and
hypertrophy of the right Mullerian duct,34 whereas this duct nor-
mally regresses in bo-th males and females. Estrogens have also
stimulated the Wolffian ducts in genetic females7' 1 25 and in genetic
males.25 In the opossum androgens have produced stimulation of
both M'ullerian and Wolffian ducts in both males and females.7 25
The absence of clear-cut homologous effects of sex hormones
348HERMAPHRODITISM IN RODENTS
upon pouch young of the opossum has led Moore25 to the conclusion
that these hormones play little or no rle in determining the direc-
tion taken in the differentiation of the accessory organs of reproduc-
tion. Moreover,Iin many of the reported experiments involving
administration of sex hormones to embryos the examination of the
reproductive tract was not made at ages at which these organs nor-
mally differentiate but at much later ages. Consequently, it is
difficult, if not impossible, to ascertain whether differentiation, as
such, was modified orwhetherthemodifications observed were some-
what belated effects upon an already differentiated system. Perhaps
significantly, there is as yet no evidence that the hormones of the
embryonic gonad are identical with the sex hormone substances
obtainable from adults and which have been administered"to embryos
experimentally. Although androgenic material has been extracted
from the testes of fetal calves,"6 it is not known whether at the time
of sexual differentiation the gonad produces or contains hormones of
any kind. Finally, the type and arrangement of the reproductive
organs in hermaphroditic rodents virtually preclude their differen-
tiation under the control and stimulus of substances secreted into the
blood stream by the gonad and distributed uniformly through the
body by the vascular channels (i.e., a hormone or hormones, in the
classic sense).
Functional considerations
A hermaphrodite in possessing both testis and ovary resembles
an ordinary animal carrying a transplant of a gonad of the opposite
sex, with the difference that the heterologous gonad was acquired at
a very early age. Transplantation of testes to female rats and mice
at birth has resulted in the establishment of an interesting endocrine
imbalance in the host animals.2"' 27 This imbalance was character-
ized in mice by a disturbance of the estrus cycle with infrequent
luteinization and conspicuous evidence of a constant and perhaps
increased production ofestrogen. In the affectedanimals the genital
tract was greatly hypertrophied, the epithelium of the uterine tube
was heightened, the endometrial glands were hyperplastic, the epi-
thelium of the vagina and lower cervix was heavily cornified, the
cervix and local areas of the uterine glands showed epithelial meta-
plasia, the pubic symphysis was replaced by a ligament, the long
bones were extensively hyperossified, the mammary glands were as
well developed as in estrogen-treated mice. The mammary glands
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and skeleton of the present hermaphroditic specimen were not
studied, but the female genital structures were much like those of
Pfeiffer's mice with the experimental imbalance. Endometrial
glands were absent rather than hyperplastic, in part an effect of the
great distention of the uterus by debris. Metaplasia of the endo-
metrial epithelium was conspicuous, doubtless due to an earlier
establishment of an imbalance. The follicular atresia and absence
of corpora lutea correspond to similar features in Pfeiffer's mice.
Not only were ovarian and testicular tissue present in this her-
maphrodite; oocytes and mature spermatozoa were also found. The
circumstances at the opening of the body cavity make it impossible
tostate unequivocally that -the testis did not in life occupy the scrotum
from time to time. If the testis actually occupied permanently the
position it had when examined, complete spermatogenesis was in
progress in an abdominal testis. Complete spermatogenesis was
reported in the abdominal testis of Blotevogel's hermaphroditic
mouse,3 a claim criticized by Burrill, Greene, and Ivy,9 who even
suggested that the testis under consideration might have come from
-an entirely different animal. Inasmuch as a hermaphrodite must
perforce be in a state of endocrine imbalance and since the factors
controlling spermatogenesis are incompletely known, spermato-
genesis in the undescended testis of a lateral hermaphrodite is not
altogether inconceivable. If it were certain that the abdominal site
ofthe testis of the present specimen was its definitive and permanent
position, Blotevogel's unique and potentially quite significant obser-
vation would be confirmed. As it is, the repetition of the condition
must unfortunately be considered as probably fortuitous. It is
interesting, however, that mature spermatozoa have been found in
four hermaphroditic rodents. This observation is virtually as para-
doxical as is the finding of mature spermatozoa in retained testes.
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FIG. 1. Drawing of the reproductive organs of the hermaphroditic mouse here described.
Ventral view.
FIG. 2. A section of the ovary showinig the general topography and the absence of corpora
lutea. X 25.
Fic.. 3. A portican of the ovary at higher magniificationi to show the abundance of "luteal;-lika"
initerstitial cells andl the lnumerous larger cells with ycllow cytoplasm. X 90.
FIG. 4. One of three Ieledillill-size(l follicles in the ovary. The oocyte appears to be entirely
normal. X 180.
FIG. 5. A sectioln of the uterinie tube. X 75.
FIG. 6. An area of the tuterine wall lateral to the niesonietritim anid toward the ovarian end
of the uterus. The lining el)itllelimll is siiliple columinar. The tuniica proprita is quite thin.
Desquaniated cells anl(I lebris are ill the ul)l)er right corner of the photograph. X 150.
FIG;. 7. A portioni of the anitimiiesonsietrial wvall of the tuterus in the same section. The
myometrium and tunica propria are extremely thin. The epithelium is stratified squamous and
heavily cornified. The lumen contains heavy sheets of desquamated cornified cells. X 150.F~~~~~~~~~~~~~~~~~~~.... .... ..
FIG. 8. A portion of the vaginal wall. The epithelial lining is thick and heavily cornified.
X 75.
FIG. 9. A transverse section through the vagina and ductuls defereiis, 'rie canial at the left
is the diverticulum of the vagina shown in Fig. 1. The large central canal is the vagina. At the
extreme right the ductus deferens is shown in both longitudinal and transverse section. Between
the ductus defereiis and the vagina is the seminal vesicle. X 8.75.
FIG. 10. A longitudinial section of the testis and adjacent epididymis. X 30.
FIG. 11. A portion of the testis at higher magnification. The tubule at the left containis
numeronus mature spermatozoa. X 180.
FIG. 12. A transverse section of the ductus deferens. X 75.
FIG. 13. A section of the ductus deferens (right) anid seminal vesicle (left). The epitiieliumn
of the seminal vesicle is quite low, as in a castrated mouse. X 75.